APQLLO 15 & 17
LASER ALTIMETER INCIDENCE DATA
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UNIVERSITY OF VIRGINIA
SCHOOL OF ENGINEERING AND APPLIED SCIENCE
CHARLOTTESVILLE
22901

DEFPARYMENT OF KENGINKEERING SCIENCR '
AND SYSYEMS
THORNTON MALL

October 29, 1974

Mr. Robert Vostreys

National Space Scilence Data Center
Code 601

Goddard Space Flight Center
Greenbelt, Maryland 20771

Dear Mr. Vostreys:

Per our recent telephone conversation, I am mailing, herewith,
the following items:

1. one magnetic tape #T01651 containing Apollo laser
altimeter incidence points and associated data from
Missions 15 and 17,

2. a decimal dump of tape #TOL651,
3. tape fromat information,
4. a brief description of the data on #T01651,

As T indicated during our discussion, I shall mail a copy of

our final report which 1s now being prepared (it should be in your
hands within a month).

Should there be questions or comments, please contact me.

Sincefely yours,

Ao~
?5%: L. Junkins

Associate Profdasdr

T

JLI:sw

- Enclosures (4)




Enclosure (3)
TAPE CONTENTS/FORMAT INFORMATION
(Tape T01651)
Prepared on UVA's CDC 6400 Computer
UN LABELED
7 = Track
300
#86 Characters per Inch (BPI)
195 Characters in each Record
10 Records (1950 Characters) in each Block
3 Files: Apollo 15: Revolution 15 Laser Incidence Points
Apollo 15: Revolution 21 Laser Incidence Points
Apollo 17: Revolution 65 Lager Incidence Points
Even Parity (Alpha, Coded)
Format of the Records in Each File:
Record 1: F 10.2 = Julian Date of Base
80A1 = Title
105% Blank "Filler"

All Subsequent Records:

E15.7 = Seconds Since Base Time

E15.7 =X True Selgnographic of Date Moon-
E15.7 =% Fixed Coordinates of the Laser
El5.7 =12 Incidence Point

9 E15.7 3 x 3 Covarianie Matrix of the
(X, Y, Z) Incidence Coordinates



Enclosure (4)

Description of Apollo Laser Incidence
Coordinates' Determination

Missions 15, 16, and 17 carried an advanced mapping sysﬁem which
included

1. A laser altimeter to make discrete measurements of slant range
from the Command Module (CM) to some point on the lunar
surface. The distance measurements were good to +2 M.

2. A stellar camera which photographed stars simultaneous to the
laser firings (+0.001 sec timing tolerance); from which the
laser firing direction could be deduced.

3. A metric mapping camera which took photographs of the lunar
surface simultaneously with laser firings and exposure of the
stellar camera.

4. A panoramic camera which took wide-angle photographs of the
lunar surface.

The laser was fired in two modes; on the lighted side of the moon
simultaneous with the mapping, panoramic and stellar camera exposures,
and on the dark side with only the stellar camera operating. Gilven
position estimates of the CM at laser firings, it is a straightforward
calculation to determine laser incidence coordinates. CM position
estimates were originally taken from NASA-determined orbit estimates using
Doppler tracking. These estimates were refined using short—-arc orbit
fits to photogrammetric-determined CM positions at mapping camera
exposure times. Various empirical processes were developed to compensate
for the uncertainty introduced by unmodeled accelerations (gravity
anomalies and vehicle process noise). The reductions include formal
covariances propagations which are believed to provide reasonable
uncertainty estimates for the determined coordinates. The details of

our reduction processes are being documented in the final report on

NASA contract NAS9-12752.
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QEED4 ~427773T1EE02  +3956495E-01 *2432445E-01 +21028€69E-01 +2432445E-01 L1505507E-01 .1
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4604 +4891317E503 +5607360E-02 +»7090611E~02 +T601024E~02 «7090911E~02 « 1305452E-01 ol
502560E-01 . 7601024FE=02 _ L1502560F=01 = o,2318530F=-01 . 8981202E£04  .1036543E£04 =,])1310379E&04 ===
+4T723689EE0C3 +6050160E-02 «7129535E-02 +8105399€E-02 «7129935E-02 +1212711E-01 +143697
3E~01. L 8105399E~C2 «1436573E-01  222G98826£-01 e . o : L

«B8981372EL04  2103636SEE04 -.1310551EECA  .4T722809E603  .6053482E-02  L7T130883E-02  .810912 REC 2, LENGTH 1950
B8E-02  47130883E-02  +1212280E-01 +1436711E-01  «810$128E-02  +1436711E-01  +2298597E-01 .9
0011956604  +101S2B0FEQ4 <-.1330328E£04 . »4618110E603 .H446884E-02  .7253587E-02  .8555215E-02

«7253587E-02  »1169531E-01  «1413%942E-01  .8555215E-02  +1413942E-01  .2315595E-01  .902119

9EL04 »9938055E£03 -.1350193EEQ4 «45090€8EE03 +6797802E-0Q2 «733816TE-02 +B8929104E-02 .7

3381676-02  +1131310E~01  .13883576-01  .B92S104E~02  ,1388357E-01  +2312340E-01  .9041202E£04
L9721137E603 -.1269560EE04  .4394326EE03 o T1S647SE~02  +TA483656-02 = ,9316723E-02 744836
5E-02  +1104894E-01  +1371773E~-C1  +9316723FE~02 +1371773E-01  .2304019E~01  .9041802EE04 9
7146576603 -.1370130EE06  +43G0B24EEQ3 . 47168349E-02  ,7451659E-02  09329377E~02  +7451959E-02
«1104063E-01  L1371231E-01  +932S377E-C2  +1371231E-01  +2303580E~01  .9061196E604 950294
SEC03 -+1388670E604  ,4278442EE03  .7488723E-02  .7503970E-02  +9685346E-02 . 7503970E-02 .1
072802E-01  +1346698E-C1  .9645346E-02  +1346698E-01  .2282657E-01  +9081199E604  .9278287EE03
- 1406901E608 4416021 1EC03  7928160E-02  +7644383E-02  1008262E~01  +7644383E-02  +105072
TE-01  +1334941€~01  ,1008262E-C1  .1334G41E~01  ,228593TE-01  .9101202E604  .9049141E603 =~,1
424964E604  J4D4BIZSELG3  oB360613E-02  «7681583E-02  11044242E-01  »7681583E-02  ,10085126~01
W1302516E<01  +1044242E-01  +1302516E-C1  .2288122E~01  ,9121196E604  .8815059E603 =,144227
6ELO4  +3934356EL02  .8868254E-02  o77584G9E-02  ,1087314E-01  +7758499E=02  «9726211E-02 .1
278568E-01  +1087314E-01  ,1278568E-01  +2307938E-01  .9141199EE04  +BS80559EE03 =-.1459202E604
«38207BBEE03  o$369769E-02  o77668C1E~02  +1127642E-01  «7766801E-02  .9269143E-02  +124329
2E-01  +1127642E-01  .1243292E~01  .2318977E-01
«9161203E604  +8345182E603 -.1475775E604  o3706E91E603  .9B68078E-02  +7711257E-02  +116380 REC 3, LENGTH 1950
SE=Q1  +7711257E-02  +8753804E-02  +1199250E-01  .116380SE-01  .1199250E-01  ,2320333E-01 .9
181196E604 81068826603 -,14G1BEBES04  «3591687EEC3  W1034958E-01  o7622664E-02  +1197726E-01
27622964E-02  +B254C39E~-02  +1155470E-01  .1197726E-01  .1155470E-01  .23244986-01 920119
9EE04  +786B464EE03 -.1507515E604  +3469130EE03  +1080582E-01  +7549103E-02  1227920E-01 7 .
549103E+02. _ 47863042E-02  ,1118278E-01_ . .1227920E-01 _ »1118278E-01 __ ,2309337E-01  ,9221203E604
o762T993E603 -4 1522672E604  +3244838E603  #1127671E-01  +7461353E-02  L1256781E~01 4746135
3E-02  .7481936E~02  o1080048E-01  .1256781E=01  +1080048E-01  .2289904E-01  .9241196EE04 .7
384423E603 ~.1537185E6C4  .3219403E603  1179441E-01  .7379728E-02  +12883856-01 o 7379728E-02
o7123198E-02  +1044016E~01  +1288385E-C1  +1044016E-01  .2277061E-01  .9261200E604 713927
6EE03 =.1551464E£04  «3093481EE03  +1225342E-01  +7232430E-02  .1310976E-C1  +7232430E-02 6
736678E-02 _ _.1000875E-01 = «1310S76E-01  o100087SE-01  +2250641E-01  +»9281203E604 68892336603
~+156512TEL04  +2970036EE03  J12748B78E-C1  +7060E25E=02  +1336536E-01  ,7060825E-02 4623176
BE-02  .9563565E-02  ¢1336536E-01  ,956356SE-02  +2241363E-01 93212006608  +6378375E603 -,
590967EE04  «2726183E£03  .1372785E-01  +6628549E-02 . 1385409E-01  .6628S49E-02  .5525214E-02
+8625122E-02  +13B5409E-01  .8625122E-02 .2241640E-C1  9341203E604 _ +6119611E603 -.160345
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«3677288E-02 +5702682E-02 +1466180E-01 w5T02E82E~02 +2045610E-01 +9481197EE04 « 427141
1E503 -+1675414E604 +1673487EL 03 +1684946E-01 +4503496E-02 + 1447398E~01 «4503496E-02 3
445769E-02 +52072E5E-02 «1447398E-01 +5207288E~Q2 +1980809E-01 +9501201E604 +4000838EL03

—+1683738EE04 +1538332E603 »1712480E-01 +4159781E-02 01441432E-01  .4159781E-Q2 20325315
JE=-Q2 «8477T7236E-02 +1441432E-C1 +A4T77723€E-02 »1936071E-01 +9521204EE04 +3726841E603 =1
69061TEEL04 +1401G40EEQ3 «177027CE-01 «3901193E-0Q2 +1460887E-01 «3901 193E-02 +3107754€E-02

+4446858E-02 +1460887E-01 +4446B58E-C2 «1927179E-01 «9541197E:04 «3456204EL03 -.169914
BES04 +1267420EE03 «17485T74E~01 «34008€4E-02 +1412885€E-01 +3400864E-02 +2907734E-02 «3
894818E-02 «1412885E-01 «3864818E-02 «1830775E-C1 +9561201E£04 «3180989EE03 =-+1705460EE04

«1131274E£03 . »1784950E~01  »3052654E-02 21412770E~01 23052654E=02  «2771632E~02 +330382
3E-02 +1412770E-C1 +3503823€-02 «1799017E-01

«9581204E604 «290284SE603  ~+1T7104&7EECS +9938372E802 +1846858E-01 #2TT2537E-02 +143369
6E-01 +2772537E-02 »267T6962E-02 +3194926E~02 «1433696E-01 23194926E-02 +1796508E-01 .9
581244E604 #2902299E603 ~.1710478E604 +9935689E602 +«1846925E-01 «2771753E-02 +1433€85E-01

22771753E-02 +26767T14E-02 +3194089€-02 +1433£85E-01 +3194089E-02 #1796429E-01 2960119
8EL 04 «2624524E603 -.1715215E604 +8566127E602 »1893790E-01 22442727E-02 « 144 1454E-01 o2
442727E-02 +25874320E-02 +2B80638E-02 +1441484E-01 «2850638E-02 « 1777 304E-01 + 96212026604

+2345455E603 ~41719447ELO4 +7191454E602 +1945877E-01 +2099192E~02 +1451569E-01 2209919
2E-02 «2510697E~02 +2505483E-02 +1451569E-01 +2505483E~-02 2176154901 +9641204E£04 »2
06618BEE03 ~+1T242E4EE04 +5819549EL02 +1548175E~C) +1682233E-02 «1425797E-01 «1682233E-02

22444217E-02 22113261E-02 «14257S7E-01 2113251E-02 +1705680E-01 «9661198E604 «178593
SEE03 -+1727891EE04 +4444067EEC2 «1973322CE-01 +1292178£-02 «1416091E~01 + 12921 75E-02 2
399707E-02 «17S5279E~02 114160G1E-01 +1785379E-C2 » 1669420E-01 +9681201E604 +1506055E603

-+1731236E604 «20T72332EE02 »1687522E-01 + BGE4226E-013 +1395639E-01 +B584226E-03 +236431
6E-02 +1367866E-02 +1395639E-01 »136784€EE-02 +1617718E-01 +«9701205E6 04 11224668E£03 -.1
734302E804 +1699726E£02 «19B7667E~01 +4321328E-03 «136B026E-01 +4321828E=03 +2354145E~02

+1003583E-02 «1368026E-01 «1003583E-02 +«156282EE-01 +9721198E604 +F419106E602 -~.173524
1E6 04 23211012E6C1 2204 7268BE-01 «B8509452E-04 +1381638E~01 «6509462E-04 2+2369466E~-02 o7
Q05756E-03 +1381638E~01 «7005756E-03 +1556684E-01 +9741202E604 +6587930EE02 ~.1736725E604

—+1057127E602 22061387E~01 ~+3351464E-03 +1365141E-01 -+33251464E-03 +2401263E-02 +383636

9E~03 +«1365141E-01 +3836369E-03 «1518844E-01

REC

5y

LENGTH

1950




